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AbstrACt
Introduction Simple and scalable strategies are needed 
to improve ‘out-of-hospital’ support and management 
for people living with cardiovascular disease (CVD) and 
respiratory disease. Text messaging via mobile phones has 
been shown to be effective in helping promote lifestyle 
change and is supported by quantitative and qualitative 
evidence. The aim of this study is to test the effectiveness 
and implementation of a 6-month text messaging support 
programme for people with CVD and respiratory disease 
as an addition to cardiac and pulmonary outpatient 
rehabilitation.
Methods and analysis Pragmatic randomised controlled 
trial (n=310) to test the effectiveness of a 6-month text 
message support programme on clinical outcomes in 
people with CVD and chronic respiratory disease who are 
attending outpatient cardiac and pulmonary rehabilitation. 
The study includes a nested process evaluation to inform 
scalability and implementation across settings. The 
intervention group will receive a text message support 
programme comprising five messages per week for 26 
weeks and the control group will continue with standard 
care. The primary outcome is exercise capacity (6 min 
walk distance). Secondary outcomes include clinical 
measures (proportion of people meeting the Australian 
guideline-recommended blood pressure and cholesterol 
targets), lifestyle outcomes (smoking rates, achievement 
of national guidelines for nutrition and physical activity), 
quality of life, mood (Hospital Anxiety and Depression 
Scale), medication adherence and attendance at and 
completion of rehabilitation.
Ethics and dissemination Primary ethics approval 
was received from the Sydney Local Health District 
Hospital Human Research Ethics Committee and 
associated Governance committees at sites. Results 
will be disseminated via the usual scientific forums 
including peer-reviewed publications and presentations 
at international conferences. At its conclusion, the study 
will determine the effectiveness and implementation of a 
simple programme that aims to improve health outcomes 
and attendance at rehabilitation for people with CVD and 
chronic respiratory disease.

trial registration number ACTRN12616001167459

IntroduCtIon
Noncommunicable diseases (NCDs), also 
known as chronic diseases, are the leading 
cause of death globally, accounting for 68% 
of the total deaths in 2012.1 2 Cardiovas-
cular disease (CVD) and chronic respiratory 
disease are two of the major NCDs associated 
with preventable hospital admissions1 and 
have a negative impact on quality of life and 
healthcare costs.3–5 Approximately half of 
the patients with coronary disease have had 
prior events,6 only the minority take appro-
priate medicines, receive lifestyle advice 
and a referral to rehabilitation at the point 
of discharge.7–11 Similarly, moderate-to-se-
vere chronic obstructive pulmonary disease 
(COPD) occurs in approximately 65 million 
people worldwide and it is predicted that 
COPD will become the third leading cause 
of death worldwide in 2030.12 13 Overall, we 

strengths and limitations of this study

 ► This study is a randomised controlled clinical trial 
and will determine whether the text message sup-
port programme can be delivered within existing 
cardiac and pulmonary rehabilitation.

 ► The study will assess objective measures to deter-
mine whether an evidence-based text message in-
tervention can be successfully delivered to patients 
with both cardiac and chronic respiratory diseases.

 ► The study design has a pragmatic and implemen-
tation focus and includes a process evaluation to 
inform translation.

 ► The study is limited to a relatively small number of 
participants from six sites across Sydney, Australia.
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are faced with an environment of increasing chronic 
disease burden coupled with an ageing population and 
finite resources. Therefore, simple strategies to improve 
‘out-of-hospital’ management and support are needed.

Chronic disease management programmes typically 
offer face-to-face group exercise and education sessions 
as part of ‘rehabilitation’ with the aim to improve 
health-related behaviour and symptom management.14 
These programmes are effective in reducing hospital 
readmissions, improve clinical parameters, adherence to 
treatments and quality of life.13–16 However, engagement, 
participation and maintenance of involvement are subop-
timal with less than 30% of those eligible attending and 
completing.17 18 The emerging availability of new tech-
nologies provides an opportunity to support self-manage-
ment and increase participation in existing programmes 
coupled with the availability of ongoing support. World-
wide, more than 4.7 billion people own mobile phones 
(with mobile phone penetration in Australia is >80% 
and 68% own smartphones),19 and text messaging has 
become a popular and simple way to communicate in a 
low cost and unobtrusive way. Randomised controlled 
trials (RCTs) have demonstrated the effectiveness of text 
messaging to promote smoking cessation,20 weight loss,21 
physical activity22 and blood pressure (BP) lowering.23 
The Tobacco, Exercise and Diet Messages (TEXT ME) 
trial was a recent single-blind RCT of a lifestyle-fo-
cused text messaging support programme delivered for 
6 months.24 The TEXT ME study showed that, compared 
with control, at 6 months, the intervention group achieved 
a lower low-density lipoprotein cholesterol, systolic blood 
pressure (SBP), body mass index (BMI), smoking rates 
and a higher physical activity level.25 The programme was 
also found to be cost-effective26 and engaging, useful and 
easy to understand by patients.27

The aim of this present study is to evaluate the effec-
tiveness of a post-discharge text message support 
programme, compared with usual care, for patients 
with chronic disease (CVD and/or chronic respiratory 
disease) attending cardiac and pulmonary rehabilitation 
programmes. We also aim to explore factors that enhance 
participation in subpopulations (eg, different socioeco-
nomic backgrounds, older/younger, gender, primary 
language spoken) and determine the acceptability and 
utility of implementing the text messaging self-manage-
ment support programme among participants and staff 
across participating sites.

MEthods And AnAlysIs
study design
Pragmatic, multicentre, single-blind, randomised 
controlled implementation trial across at least six reha-
bilitation clinics (with embedded qualitative analysis) 
in Australia (figure 1). Approximately 310 patients 
attending either the cardiac or pulmonary rehabilita-
tion will be randomised (3:1) to either a 6-month text 
message support programme (intervention) or standard 

care (control). Clinical, behavioural and quality of life 
data will be collected at face-to-face assessments at base-
line and 6 months. Written and informed consent will be 
obtained from all participants and the study will follow 
the Consolidated Standards of Reporting Trial guide-
lines.28 The study’s first patient was recruited in May 2017 
and final follow-ups are anticipated for completion in by 
June 2019.

Patient and public involvement
This study design and question was developed following 
extensive consultation with patients involved in our 
previous research and focus groups.27 These patients all 
had a previous diagnosis of cardiac and chronic respira-
tory diseases and were between the ages of 40 and 80 years. 
Patient feedback suggested that the post-discharge period 
was an important time for influencing behaviour and that 
they valued receipt of the intervention and hence the 
randomisation ratio was set to enable more participants to 
receive the intervention. Patient involvement also drove 
the content development for the intervention itself. This 
information and feedback was collected by surveys and 
focus groups with patients where they prioritised infor-
mation from credible sources, content that was practical 
and they specifically requested messages be sent four to 
five times per week and that the content be semiperson-
alised.27 In terms of outcomes, meaningful and functional 
outcomes such as walking distance and quality of life were 
selected to align with goals of patients with cardiac and 
respiratory diseases. Patients participated via being active 
participants in the content development workshops and 
also in completing surveys. Therefore, patients were 
involved in design of the intervention content, message 
delivery schedule and study outcomes. As part of the 
current study, we will collect process data that will include 
assessment of patient satisfaction, rating of perceived 
usefulness and an opportunity to provide feedback about 
the programme and its delivery. At the conclusion of the 
study, we will disseminate the results among consumer 
and patient organisations such as the National heart 
Foundation and the Lung Foundation of Australia.

randomisation and allocation concealment
Participants will be randomised to either usual standard 
care (control) or text messaging programme (interven-
tion) using a computerised randomisation programme. 
Randomisation (stratified according to respiratory or 
cardiac rehabilitation) will be conducted independently 
using a central computer-based randomisation service 
and the random allocation sequence will be concealed 
from study personnel and will take place after collection 
of baseline data. Given the study is a pragmatic implemen-
tation trial, participants will be individually randomised 
at a ratio of 3:1 (intervention:control) to enable more 
participants to receive the text message programme. 
Study personnel taking follow-up measures will also be 
blinded to parallel group assignment. Participants will be 



3Redfern J, et al. BMJ Open 2019;9:e023863. doi:10.1136/bmjopen-2018-023863

Open access

encouraged to not discuss whether they are receiving or 
not the text messages during their follow-up visit.

Participant eligibility
Participants will be recruited from participating hospi-
tal-based, outpatient rehabilitation programmes across 
Sydney.

Inclusion criteria are as follows:
i. Adults aged above 18 years;
ii. Have an active mobile phone that is capable of receiv-

ing text messages.
iii. Have a medical history of CVD, including coronary 

heart disease, cardiomyopathy, peripheral arterial 
disease, stroke and/or;

iv. History of chronic respiratory disease, including 
COPD, chronic bronchitis, emphysema, chronic asth-
ma and bronchiectasis.

Exclusion criteria are as follows
i. Unlikely to comply with the demands of the study for 

6 months;
ii. Insufficient English language skills to provide written 

and informed consent.

recruitment
Potential patients will be identified by clinical reha-
bilitation staff at participating teaching hospitals and 
invited to participate. Participation (or not) will not 
impact on the ability to participate in the rehabilitation 
programme but will be offered as an additional support 
for patients if they volunteer and are allocated to the 
intervention group. Clinical staff will obtain consent 
from those willing to volunteer along with baseline 
data as part of routine clinical assessment for cardiac 
or pulmonary rehabilitation. Once recruited and base-
line data are collected, clinical staff (where possible) 
will complete a simple web-based registration process 
that randomises the participant and commences the 
messaging programme for those allocated to the inter-
vention group. If time prevents a clinician completing 
the online registration, a member of the research team 
with clinical experience will complete the required 
online form. A research assistant, blinded to group allo-
cation, will then enter the collected data into a secure 
online database. Process data will be kept relating to 
these procedures to inform capacity and time needed 
for implementation of the programme.

Figure 1 Study flow diagram. LDL, low-density lipoprotein; BMI, body mass index; CV, cardiovascular.



4 Redfern J, et al. BMJ Open 2019;9:e023863. doi:10.1136/bmjopen-2018-023863

Open access 

Intervention group
The intervention group will receive a 26-week text 
message programme in addition to cardiac or pulmo-
nary rehabilitation. All participants randomised to the 
intervention group will receive five messages per week 
at random times of the day and on random days of the 
week for the duration of the programme. This approach 
has been chosen in accordance with our previous 
evidence-based text message quantitative and qualitative 
research.25–27 Participants will be encouraged not to reply 
to messages as the programme does not have the capacity 
for two-way communication with researchers or clinicians. 
However, all replies will be monitored for safety using the 
software programme and a centrally located research 
assistant with a clinical background. If participants wish 
to withdraw from the programme they will be asked to 
send a reply message saying ‘stop’ and this will activate 
a process of review and potential withdrawal from the 
study. The messages will be semipersonalised messages 
where some contain the participant’s preferred name 
and are tailored for individual circumstances and prefer-
ences (eg, non-smoker, vegetarian, physical activity level). 
Example messages are provided in box 1. The messages 
will be sent from a centralised web-based platform that 
provides simple registration and automated message 
delivery based on the team’s previously published system 
that was also used in the TEXT ME study.25 29

The text messages are based on behavioural psychology 
and provide self-management support relating to medica-
tion adherence, attendance at chronic disease programmes 
and lifestyle change. The message programme content 
and structure was developed according to our previously 
published model.30 Some content for cardiac patients 
was based on our previous TEXT ME programme25 but 
the content for patients attending pulmonary rehabili-
tation was entirely new. This process involved literature 
review, surveys and focus groups with patients (cardiac 
and pulmonary diseases) recruited from chronic disease 
programmes. We used a patient-centred approach 
to expand our existing text message content used in 
previous research to ensure they contain content that is 
both evidence based and meaningful for patients. For 
CVD, the primary content areas for the text messages 
are general CVD health, smoking cessation, physical 
activity and nutrition. For chronic respiratory disease, 
the primary content areas are general respiratory health, 
physical activity, smoking cessation, symptom manage-
ment and symptom monitoring. Both the CVD and 
respiratory message programmes also include content 
supporting medication adherence and participation in 
rehabilitation. Each week messages, without any repeats, 
are selected by the software system from the bank based 
on prespecified algorithms that ensure variety across the 
major focus areas for each condition.

Control group
Participants in the control group will receive ongoing 
standard care (including cardiac or pulmonary rehabil-
itation) without receiving the text message programme. 
All control participants will receive a single introductory 
messaging stating they are in the control group and that 
they will be contacted for follow-up at 6 months. In addi-
tion, all participants allocated to control will be offered 
the messaging programme after their 6-month follow-up. 
This will be optional for control participants and provided 
to them at no cost.

study outcomes
The primary outcome of the study is the 6 min walk 
distance (box 1). The 6 min walk distance provides a 
commonly used assessment of exercise capacity31 that 
has been demonstrated to be both valid and reliable in 
cardiac and respiratory patient populations. Secondary 
outcomes (box 2) vary slightly between conditions 
(cardiac or respiratory) and include clinical measures 
(cholesterol, BP, BMI, waist circumference), lifestyle 
measures (nutrition, physical activity, smoking cessation), 
quality of life, depression and anxiety, medication adher-
ence, hospital readmissions (self-report, hospital records) 
and attendance at and completion of allocated rehabili-
tation programme. We will also collect process measures 
such as satisfaction with the user interface for registra-
tion, participant satisfaction with the programme and 
content, rate and content of any reply messages received. 

box 1 Example text messages sent to intervention group

Patients participating in pulmonary rehabilitationPatients participating 
in pulmonary rehabilitation

 ► Pulmonary rehabilitation often includes medically supervised exer-
cise and education to help you manage COPD and stay active. Ask 
your GP for a referral.

 ► Ask your GP or specialist to write you a COPD action plan to help you 
know when you should increase your medications and when you 
should go to the hospital.

 ► Hi (NAME), having emergency antibiotics at home allows you to treat 
flare ups early. Talk to your GP to see if it is an option for you.

 ► Eating a balanced diet and maintaining a healthy weight are import-
ant especially when you have a lung disease.

 ► When you are feeling breathless, follow the three Ps, Pause, Position 
and Pursed lip breathing (stop, lean forward and breath slowly).

Patients participating in cardiac rehabilitationPatients participating in 
cardiac rehabilitation

 ► (NAME), try identifying the triggers that make you want a cigarette 
and plan to avoid them.

 ► Did you know 90% of people do  not eat the recommended daily 
intake of vegetables (five serves a day)?

 ► Hi (NAME), do not forget physical activity is good for you! It reduces 
your risk of diabetes, heart attack, stroke and their complications.

 ► Walking is cheap. It can be done almost anywhere. All you need is 
comfortable shoes and clothing.

 ► Studies show that stress, worry and loneliness can increase the risk 
of heart disease. Please talk to a health professional if you need 
help.

COPD, chronic pulmonary obstructive disease; GP, general practitioner. 
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These measures will be collected via a simple survey with 
likert responses.

data collection
Participants will have outcomes assessed at baseline 
and 6 months. These outcomes align with data already 
collected within the usual chronic disease management 
programmes within the participating Local Health 
Districts (LHDs). Baseline data will be collected by clin-
ical staff prior to randomisation and hence blinded to 
study group allocation. Given this is an implementation 
study, it is important to explore the potential to assess 
programme outcomes within existing practice and work-
loads. Follow-up data at 6 months will be collected (face 
to face or by telephone) by a research assistant blinded 
to treatment allocation. The central research team will 
manage and enter data into a secure online database for 
research purposes. We will also seek consent from partic-
ipants to access Medicare Benefits Scheme (MBS) and 
Pharmaceutical Benefits Scheme (PBS) administrative 
data to determine health service utilisation and prescrip-
tions for medications at 12 months after randomisation. 
Furthermore, we will seek participant consent to link 
hospital readmissions administrative with in New South 
Wales (via the Centre for Health Research Linkage) at 12 
months after randomisation.

sample size and statistical analysis
A sample size of approximately 310 will achieve above 
90% power for both respiratory and cardiac subgroups 
to observe a clinically meaningful difference in 6 min 
walking distance in the intervention group compared 
with control. For respiratory patients, a mean difference 
(between intervention and control) of 30 m (SD 54.7) 
in 6 min walk distance is assumed to be clinically signif-
icant.39 Therefore, for 90% power, a sample size of 138 
(103 in intervention and 35 in control) is needed and to 
allow for loss to follow-up the target sample size is 160 
patients with respiratory disease. For cardiac patients, a 
mean difference (between intervention and control) of 
23.3 m (SD 34.8) in 6 min walk distance is assumed to 
be clinically significant.40 Therefore, for 90% power, a 
sample size of 126 (94 in intervention and 32 in control) 
is needed and to allow for loss to follow-up the target 
sample size is 150 patients with cardiac disease. A sample 
size of 310 will also achieve 90% power to observe 20% 
increase in programme attendance in the intervention 
group compared with control.

The primary analysis will include all available partici-
pant data and will be performed at the end of the study 
after all data have been collected. The analysis of the 
primary and secondary outcomes will be done according 
to the intention-to-treat principle. For the primary anal-
ysis, analysis of covariance (ANCOVA), adjusting for 
disease (cardiac or respiratory), gender, site and the base-
line measurement of the primary outcome will be used to 
examine differences between intervention and control at 
6 months. For secondary analyses, ANCOVA will be used 
for continuous outcomes and logistic regression will be 
used for the categorical outcomes. Each model will be 
adjusted for disease (cardiac or respiratory), gender, site 
and the baseline measurement of the primary outcome. 
Planned subgroup analyses will be of cardiac versus respi-
ratory disease, males versus females, older versus younger 
(60 as threshold), shorter distance at baseline versus 
longer distance at baseline for 6 min walk. A significance 
level of 0.05 will be used. All analysis will be undertaken 
using SAS V. 9.4 for Windows. To account for any missing 
data, we will perform a sensitivity analysis by repeating 
the main analysis using multiple imputation to include 
patients with missing outcomes.

Process evaluation
A process evaluation will be conducted comprising two 
parts: a semiquantitative survey and focus groups with 
participants, providers and staff involved in implemen-
tation. All intervention participants will also be admin-
istered a programme feedback questionnaire (paper or 
via telephone) to assess the tolerability of repeat text 
messages, asking which messages they remembered, 
liked or disliked, what they did with the messages (eg, 
kept them or deleted them immediately), their perceived 
utility of the text message and their opinion regarding 
the intrusiveness, timing and content suitability of the 
text messages. A subsample of patients, providers and 

box 2 study outcomes measured at 6 months

Primary outcomePrimary outcome
 ► Exercise capacity—6 min walk distance.31

Secondary outcomesSecondary outcomes
 ► Blood pressure—mean of two resting digital readings.
 ► Body mass index and waist circumference – height, weight, waist 
circumference.32

 ► Point abstinence in smoking.33

 ► Depression and anxiety— Hospital Anxiety and Depression Scale.34

 ► Physical activity—Global Physical Activity Questionnaire.35

 ► Nutrition quality—Questions adapted from WHO STEPS Instrument.36

 ► Quality of life—SF-12 V2 (License number QM038623).37

 ► Medication adherence—Self report (validated through prescription 
data obtained via linkage with PBS).

 ► Hospital admissions—self report, hospital records and checked 
against linkage with Admitted Patient Data Collection for New South 
Wales.

 ► Impact of COPD on well-being—COPD Assessment Test (partici-
pants with respiratory disease only).38

Process outcomes (both respiratory and cardiac)Process outcomes 
(both respiratory and cardiac)

 ► Rate and content of text message responses (software analytics).
 ► Assessment of registration process (survey and interview with 
clinicians).

 ► Attendance at and completion of rehabilitation programme (pro-
gramme records).

COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; 
PBS, pharmaceutical benefits scheme; SF-12, short-form 12; WHO STEPS, WHO 
STEPwise approach to chronic disease risk factor surveillance.



6 Redfern J, et al. BMJ Open 2019;9:e023863. doi:10.1136/bmjopen-2018-023863

Open access 

staff (purposively selected based on maximum variability 
across sites and cardiac/respiratory disease) will also 
be invited to participate in a focus group or semistruc-
tured interviews to explore their perceptions of the utility 
and acceptability of the text messaging programme and 
its implementation. Focus groups will be facilitated by 
a trained professional and discussions will be digitally 
recorded and transcribed verbatim. Results will then be 
coded and interpreted to isolate key themes, contrasts 
and hierarchies, and to develop coding matrices based 
on a framework approach. In addition, logs will be kept 
to assess the time messages are sent and the proportion of 
text messages successfully delivered (eg, if mobile phone 
boxes are full, messages may not be able to be successfully 
delivered). A log will be kept of how many participants 
contact the study team, the reason for contact and the 
method used for contact (eg, telephone, email or text 
message). Implementation data will also be collected to 
determine how many patients were registered by clinical 
staff and what were the barriers and enablers to registra-
tion by those staff.

dIsCussIon
We propose a randomised controlled implementa-
tion study that tests the effectiveness of a text message 
support programme that educates, motivates and main-
tains a patient’s connection with chronic care services 
through a semipersonalised text messages delivered for 
6 months. The overall objective is to increase engage-
ment and participation in chronic disease management 
programmes (namely cardiac and pulmonary rehabili-
tation) and to ultimately reduce hospital readmissions. 
The text messaging programme is simple, affordable and 
scalable. If successful, the text messaging programme 
would be applicable to many individuals living with 
chronic disease in Australia and beyond. Expected health 
outcomes include an increase in lifestyle modification, 
adherence to evidence based and prescribed medications 
and a reduction in hospital readmissions. We also antic-
ipate an improvement in accessibility to chronic disease 
preventive care focusing on vulnerable/at risk families 
and communities such as those from lower socioeconomic 
backgrounds and patients with the greatest risk factors for 
disease. The study will also inform acceptability, function-
ality and future implementation into practice.

Potential limitations
This trial is only being conducted in one state of Australia 
and the sample size does not have power to detect changes 
in hospitalisation rates. Inclusion and exclusion criteria 
were intentionally broad given the focus on the study was 
implementation within the context of cardiac and pulmo-
nary rehabilitation rather than effectiveness within strict 
clinical parameters and under strict control of external 
variables; however, this should be considered on balance 
in terms of potential generalisability and implemen-
tation. In addition, the collection of baseline data by 

clinicians is a potential limitation due to slight variation 
in environment and individual difference; however, stan-
dard measurement procedures will be followed and the 
primary analysis will be a comparison between groups 
at 6 months follow-up. The registration system is online; 
however, the user interface will require further refine-
ment based on the results of the process evaluation.

EthICs And dIssEMInAtIon
The findings of this study will be disseminated via the usual 
scientific forums including peer-reviewed publications 
and presentations at international and national confer-
ences. This study will adhere to the National Health and 
Medical Research Council ethical guidelines for human 
research. Protocol deviations will be reported to the asso-
ciated ethics committees if required. Written informed 
consent will be obtained from all enrolled participants 
by the research staff. Additional individual informed 
consent for data linkage through MBS and PBS will also 
be obtained. Participants will be informed of their right 
to refuse to participate or to withdraw participation at any 
time without reprisal.
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